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PROBLEH  OP  INVESTIGATING  TAKEOFP-LANDING  CHARACTERISTICS  OF  JET 
AIRCRAFT  WITH  SHORT  TAKEOFF  AND  LANDING  RON 


V.  I.  Sums 


In  examining  the  aerodynaaic  and  takeoff  and  landing 
characteristics  of  jet  aircraft  with  a short  takeoff  and  landing  ran 
(STOL)  [CyBTIl  and  vertical  takeoff  and  landing  (VTOL)  f CBBT1 J [1-6] 
the  negative  effect  of  secondary  forces  induced  by  the  jet  stress  of 
the  engine  as  a result  of  its  ejection  properties  is  not  considered. 
This  can  be  so  substantial  that  for  soae  STOL  systess  (Fig.  1) 
airplanes  equipped  with  boundary-layer  control  [ ync  ] nay  be 
preferable. 


4 


- 
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I : 


Her*  we  encounter  the  question  of  justifying  the  development  of 
certain  types  of  aircraft  or,  in  any  case,  determining  the  limit  of 
their  feasible  use.  For  this  we  need  an  exhaustive  comparative 
analysis  of  these  types  of  aircraft.  This  would  include  analysis  from 
the  standpoint  of  the  takeoff  and  landing  and  flight  characteristics 
and  from  the  standpoint  of  safety  and  economy. 

In  this  article  we  examine  one  aspect  of  the  indicated  problem: 
Taking  into  consideration  the  secondary  forces  which  are 
characteristic  of  certain  STOL  systems,  we  compare  (Figs.  2 and  3) 
the  distances  of  the  takeoff  run  and  takeoff  of  the  following 
hypothetical  jet  destroyer-type  aircraft. 

1.  Standard  aircraft  used  as  original  with  typical  wing 
qeometry:  swept  or  triangular  in  plan,  low  aspect  ratio  and  great 
taper,  supersonic  profile. 

2.  STOL  with  one  lifting  engine  with  threat  P«  and  smstainer 
engine  with  threat  P»,  located  on  the  fuselage  (scheae  1,  Pig.  1). 

3.  STOL  with  a single  lif t-sustainer  engine  of  thrnat  P*  ■ in  the 
fuselage  (scheme  2,  Fig.  1). 

4.  An  aircraft  with  a standard  boundary  layer  blow-off  system 


DOC  » 1791 


PAGE  3 


(BLR)  through  a slot  on  the  upper  surface  of  the  deflected  flap.  This 
systea  Is  found  on  series-produced  aircraft  with  turbojet  eBgiaes. 
Based  on  statistical  data,  the  coefficient  of  lifting  force  C,  of 
such  aircraft  with  the  wing  geoaetry  described  in  paragraph  1 
increases  by  approxiaately  0.25  for  a 10°/o  air  bleed  froa  the  engine 
compressor,  while  thrust  drops  by  15°/o« 

5.  Aircraft  with  effective  boundary- layer  control  systems,  for 
example,  combination,  which  combines  preceeding  boundary-layer 
blow-off  system  with  air  suction  through  slots  along  leading  edge  of 
wing.  This  system  can  provide  effective  laaiaarization  of  the  flow 
past  the  entire  wing  and  increase  C , by  AC,  ~ 0,66  for  a 20#/*  bleed  of 
air  from  the  engine  and  a 20<>/o  reduction  in  its  thrust. 

Let  us  aahe  the  following  assumptions. 

1.  The  thrust  of  the  engines  of  the  studied  aircraft  changes 
with  respect  to  takeoff  velocity  according  to  the  lav 

r-r,-%v. 

where  P„  is  static  thrust;  dP/dV  * const  * 0.1. 

2.  The  quantities  which  depend  on  the  speed  of  the  takeoff  run, 
including  secondary  forces,  are  averaged  and  are  considered  constant 
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In  the  process  of  the  takeoff  and  lift,  which  gives  us  an  error  of 
about  200/o  and  is  considered  permissible  in  a rough  estimate  of  the 
secondary  forces. 

1.  Por  aircraft  2 and  3 the  thrust  losses  which  are  caused  by 
air  which  is  contaminated  by  dust  and  heated  by  the  jet  stream  being 
drawn  into  the  air  intake  [ 7 ] as  well  as  by  the  secondary  jet  stream 
f2,  7 j constitute 

4.  The  thrust  vectors  of  the  lift  and  lif t-sustaimer  engines  of 
STOL  deflected  from  the  vertical  by  angles  of  * and  *■  •< , 
respectively,  (Pig.  1)  are  constant  during  takeoff  (in  gaining 
altitude  angle  *•>•»  of  aircraft  3 equals  90°).  Angle  ?n  is  selected 
from  the  statistics  and  is  equal  to  12°  [8],  while  f».»  is  calculated 
f 4 j by  formula 

rJL-  _ f w.  n 

°°*  f»  «•  **  . 

5.  The  direction  of  the  thrust  vectors  of  aircraft  1,  4,  and  5 
and  of  the  thrust  of  the  sustainer  engine  P*  of  aircraft  2 coincide 
with  the  direction  of  motion. 

6.  Por  aircraft  4 and  5 coefficient  C»  during  takeoff  are 
assumed  to  be  the  same  as  for  the  original  aircraft  1,  because  the 
boundary-layer  blow-off  system  increases  inductive  resistance  by 
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decreasing  profile  resistance. 

7.  The  height  of  the  barrier  during  takeoff  is  considered  to  be 

IS  a. 


8.  The  aerodynaaic  characteristics  of  the  airfraaes  of  the 
coapared  aircraft  and  the  thrust  characteristics  of  the  engines  are 
ident ical. 

The  secondary  forces  during  the  takeoff  of  a STOL  (just  as  in 
gaining  altitude)  can  be  considered  as  follows: 

c,0  * C,^  -f- 

where  C»p  and  C,p  represent  the  coefficient  of  lift  and  drag, 
respectively,  daring  takeoff  without  secondary  forces  considered. 

The  coefficients  of  decrease  in  lift  and  increase  in  drag 

due  to  secondary  forces  aust  be  deterained  experimentally  in  view 
of  the  conplexity  of  their  aatheaatical  interpretation.  However, 
bearing  in  aind  assuaption  2,  in  the  case  of  rough  calculations  these 
coefficients  can  be  considered  froa  the  following  approxiaate 
dependences,  which  were  obtained  on  the  basis  of  processing 
theoretical  and  experiaental  studies  [2,  5,  9,  10]  and  are  in 
satisfactory  agreeaent  with  experiaental  data: 
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AC„t  ~ A,  \ 5 &CMp  ~ A,  -iS. 


where 


am 

h =-  Y i*  the  ratio  of  the  distance  fro*  earth  to 

the  fuselage  (Pig.  1)  to  the  dianeter  of  th< 
jet  streaa; 


g — p-  - ratio  of  discharge  velocity  of  the  jet 

streaa  to  the  average  speed  cf  the  takeoff 


3“^  * ratio  of  area  of  the  cross  section  of  the 
streaa  to  the  wing  area; 


kj#  kt  - correction  coefficients,  which  are 

functions  of  the  discharge  angle  of  the  jet 
9" (f»- ■)■ , the  angle  of  attack  of  the  wing  a, 
the  angle  of  deflection  of  the  flaps  *» , 
the  angle  of  deflection  of  the  elevator  V» 
and  other  paraneters. 


These  dependences  also  apply  to  investigated  STOL  which  have  a 
rectangular  wing  in  plan  fora  and  h — 0.9-1. 2. 
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The  takeoff  distance  is  calculated  by  foraula 


The  length  of  the  takeoff  run  /»  vas  detarained  by  foraula 

l9*-a\n ■*V-  * . 


which  is  approxiaate,  with  an  error  of  less  than  2«/0.  by  solving  an 
integral  in  the  fora  of 

| y 

" ~J  j V*  + S7  -~B  dV- 

obtained  froa  the  general  expression  for  the  distance  of  the  takeoff 
of  the  run 


f Vit-  j'  V-dV. 


Proa  the  equation  of  notion  during  the  takeoff  run 

5X.-0 

we  can  determine  the  value  of  acceleration 

where 


A “jp  w {Cmp~  £•>)'• 


C~B-BV. 


for  aircraft  2 


82 


(1) 


— — I ■ — 
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B 


2 


0.l(l+*inf„  + /cx»va) 


(2) 


•or  aircraft  3 


r o0*1  (**"V  «+/<*•%.  .) 
2 


(3) 


while  in  expression  (1)  we  aust  replace  throat  P»«  by  P<m.n,  angle  <f>. 
and  ?n  -,  and  oake  throat  equal  to  zero. 


For  aircraft  1,  4,  and  5 in  expression  (1)  and  (3)  t„  = * =» 90° , 
while  throat  P •"  is  aaaoaed  equal  to  zero,  and  thruat  P<*  is  replaced 
by  the  thrust  of  the  corresponding  aircraft. 


The  distance  of  lift  and  takeoff  run  with  an  obstacle  15  a high 
is  calculated  by  the  known  foraula 


‘■-sM’tt'H- 


■?- 


*Tp 


As  an  exaaple  let  us  calculate  the  takeoff  characteristics  of 
the  hypothetical  aircraft  indicated  above  with  the  following  data: 
weight  of  aircraft  G * 9600  kg,  specific  load  on  wing  "p  = G/S  = 400 
kg/a*;  gravitational  acceleration  g = 10  a/s* ; air  density  p = 0.125 
kg  s*/a*;  coefficient  of  friction  force  f = 0.03  (dry  concrete 


r 
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runway) ; t hrust-to-weigh t ratio  values  of  aircraft”  * 0.6,  0.7,  0.8, 
0.*;  ■*"**•  - I0“;  - <5°,  for  aircraft  2 kt  — k,  — k - 0.906;  for 

aircraft  3 the  value  of  k changes  over  a range  of  0.25-0.68,  "h  = 

1.06,  g * 4,  S = 0.0236;  the  values  for  the  aerodynaaic  coefficients 
for  the  origiaal  aircraft  1: 

- 0.55;  CMp  ~ 0.1;  C,^  - 0.96;  C„  - 0.67;  C,,  - 0.2. 

The  results  of  calculating  the  dependences  of  the  takeoff  run 
and  takeoff  distances  of  the  studied  aircraft  on  thrust-to- weight 
ratio  t = p/G  are  shown  in  Figs.  2 and  3.  They  can  be  used  as  the 
basis  for  the  following  deductions. 

1.  of  the  studied  airplanes,  nuaber  2 apparently  has 
significantly  greater  takeoff  run  and  takeoff  distances.  This  can  be 
explained  by  the  negative  effect  of  the  jet  streaa,  which  as  a result 
of  drawing  in  (ejecting)  the  atnospheric  air  surrounding  the  aircraft 
creates  a force  which  is  opposite  the  listing  force  (secondary 
force)  . 

2.  Tf  special  neasures  are  not  taken,  then  the  effect  of  the 
secondary  forces  say  prove  to  be  so  great  that  aircraft  2 way  even  be 
inferior  in  its  takeoff  characteristics  to  the  original  standard 
aircraft  1,  not  to  uention  aircraft  5,  which  is  eguipped  with  an 
effective  boundary  layer  control  systeu. 
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3.  In  studying  the  takeoff  and  landing  characteristics  of  jet 
short  takeoff  and  landing  aircraft  of  various  systees  we  aust 
consider  the  effect  of  secondary  forces,  which,  as  indicated  at  the 
beginning  of  this  article,  are  ignored  in  nany  studies.  IP*.  on 
the  basis  of  certain  select  criteria  we  aust  conduct  an  exhaustive 
coaparative  analysis  of  STOL  and  aircraft  with  proaising  aodern 
boundary-layer  control  system  in  order  to  deteraine  the  boundary, 
which  indicates  when  we  aust  give  preference  to  a certain  type  of 
aircraft. 

5.  It  aay  happen  that  developaent  of  individual  STOL  systems, 
which  at  first  glance  appeared  proaising  from  the  standpoint  of 
takeoff  and  landing  characteristics,  will  turn  out  to  be  entirely 
inadvisable  because  of  the  advantages  of  aircraft  with  boundary-layer 
control  systeas. 

6.  Aircraft  3 occupies  an  interaediate  position  between  coapared 
aircraft,  flp  to  the  value  of  t — 0.7  it  is  only  slightly  inferior  to 
the  original  aircraft,  at  t — 0.7  it  is  egual  to  it,  at  t > 0.7  it 
significantly  surpasses  aircraft  1,  and  when  t > 0.8  it  is  even 
preferable  to  aircraft  4. 
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7.  The  problea  of  secondary  forces  is  one  of  the  aany  problems 
encountered  in  creating  short  takeoff  and  landing  and  vertical 
takeoff  and  landing  aircraft.  It  is  rather  coaplex,  especially  its 
theoretical  side.  To  resolve  this  problea  deep  theoretical  and 
experiaental  studies  aust  be  conducted 
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Fig.  1.  Schemes  of  studied  STOL. 

Fig.  2.  Takeoff  run  distance  as  function  of  thrust-to-weight  ratio 
of  aircraft:  1,  2,  3,  4#  5 - airplanes  compared. 

Fig.  3.  Takeoff  distance  as  a function  of  weight-to-thrust  ratio 
of  aircraft:  1,  2 , 3,  4,  5 - airplanes  coapared. 
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